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GAS-PRESSURE BONDING OF BERYLLIUM GYRO 
AND STABIUZED PLATFORM C-S 

€I. D. Hanes and P. J. Gripshover 

This study was conductedto prepare machining preforms of 

beryllium gyro and s tabi l ized platform components by gas-pressure bonding 

and t o  prove f e a s i b i l i t y  by f ina l  machining components from these preforms. 

The components which were prepared f o r  the ST-124 gyro were: 

1. Stabilized platform gimbal 

2. Sleeve 

3. Air-bearing sleeve 

4. Inner cylinder 

5. Inner cylinder cover. 

The approach for preforming these components had previously been developed 

i n  other NASA contracts. 

Minor discrepancies occurred on some of the components but were 

judged sa t i s fac tory  in  most cases by the Technical Monitor. 

t he  twelve air-bearing components was l o s t  because of an inclusion on 

c r i t i c a l  surfaces which is w e l l  below the rejection r a t e  normally experienced 

w i t h  coiiventional beryllium. 

from the  machining vendors. 

Only one of 

The report contains the inspection reports 
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INTRODUCTION AND BACKGROUND 

This is  the f i n a l  report on research performed on NA R Contract 

I WIS 8-11961t. 

u n t i l  May 31, 1967 although the contract was i n i t i a l l y  approved i n  June, 

1965. 

Administration, George C. Marshall Space Flight Center. 

w a s  Mr. Richard H. -le of t he  Astrionics Laboratory. 

tive of the program was t o  fabricate and f i n i s h  machine various gyro and 

stabil ized platform components from the  Saturn ST-124-M guidance system. 

The gas-pressure-bonding process was used t o  fabr icate  preforms from 

beryllium powder. 

gyro components were u t i l i zed  to f i n i s h  the pa r t s  t o  specified shapes. 

Development of the gas-pressure-bonding process for  fabricating the machin- 

ing  preforms w a s  performed under Contract NAS 8-11403 and NAS 8-11559. The 

r e su l t s  of these studies have been previously reported t o  NASA, and one of 

the contracts has been reported i n  the  open l i t e r a t u r e  i n  t he  report  NASA- 

The act ive contract period extended from Januazy 1, L a ,  

I 

This p r o g r a  was funded by the  National Aeronautics and Space 

The Program Monitor 

The overal l  objec- 

I 

Then, conventional machining processes used f o r  beryllium 

CR-58256. 

This program w a s  i n i t i a l l y  conceived t o  fabr icate  six experimental 

s tab i l ized  platform gimbals. 

modified t o  include some of the g y m  and accelerometer components fabricated 

under previous studies. 

gas-pressure bonded and machined t o  f i n a l  configurations. 

However, as work proceeded, the project  wa8 

The following is a l i s t  of items which were t o  be 

1. 

2. Three beryllium inner cylinders. 

One beryllium ST-124-M inner gimbal. 
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3. Three 

4. Three 

5. Three 

beryllium inner cylinder covers. 

gyro sleeves. 

accelerometer sleeves. 

In addition, nine machining blanks of Items 2 through 5 were to be supplied 

to NASA. 

gas-pressure-bonding process. 

to final configurations as specified by drawings supplied by NASA. 

These components were preformed from beryllium powder by the 

Following densification, they were machined 

Gas-pressure bonding has been s h w ~  to he feasible 8s a ze-s 

for compacting beryllium components into semi-finished shape. In this 

manner, machining costs and material losses are minimized so parts can 

potentially be made cheaper. 

in the pressing operation, the parts are pressed to near theoretical density. 

There is normally no residual porosity in these parts, thereby minimizing 

losses due to these causes. Final ly ,  beryllium produced in this manner 

has been shown to have higher mechanical properties than conventionally 

hot-pressed block. 

Also, because of the higher pressure utilized 

The process for preforming these parts had already been developed 

under the specified contract. 

provide sufficient clean-up stock in some components because of minor machin- 

ing problems previously experienced. 

minor modifications was utilized to fabricate the preforms in this study. 

Therefore, virtually no development work was done in this program but 

rather proof of the process was shown by making the required components and 

machining them to final actual shapes. The objectives of the program have 

been met in full, and all of the components have been supplied to NASA. 

Minor modiffcations were made in tooling to 

However, the same tooling with these 
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I This report w i l l  suminarize a l l  of the  work done t o  produce t h e  

components l i s t e d  above. In  cer ta in  instances, slight deviations from the 

specifications were experienced, and these deviations a re  noted i n  the  text 
, 
I of the report. Each individual component is  discussed separately, and t h i s  

discussion includes a brief resume of the fabricat ion process as outlined i n  

previous reports. 

supplied by the two machining vendors, Barden-Leemath Corporation of 

Appended t o  t h i s  report are dimensional cer t i f ica t ions  
I 

I Woodbury, Long Island, New York, and American Beryllium Company of Sarasota, 

Florida. 

RESULTS 

Inner Gimbal 

Fabrication Method 

The fabrication method fo r  preforming the inner gimbals by gas- 

pressure bonding has been described i n  de t a i l  i n  the f i n a l  report  issued 

under Contract NAS 8-11559. 

Stabi l ized Platform Components by Gas-Pressure Bonding", was issued 

February 2, 1966. 

hydrostatic pressing in  a shaped latex bag. The i n t e r n a l  cav i t ies  i n  t h i s  

component were formed by porous copper mandrels which could then be selec- 

t i v e l y  leached fromthe beryllium i n  HNO after densification. Porous 

mmdrels were used t o  allow uniform densification during both cold and hot 

i s o s t a t i c  pressing. 

This report, en t i t l ed  "Fabrication of Beryllium 

The beryll iun powder was i n i t i a l l y  preformed by cold 

3 
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Prior t o  loading, the  hydropressing bag was vacuum formed i n t o  

an accurately constructed loading jig. 

posit ions which had been mathematically predetermined. 

de-aired and pressed a t  60,000 p s i  which yielded approximately 75 percent 

of theore t ica l  density. 

transmitt ing layer  which allowed the  complex geometry t o  be sealed in to  a 

cyl indrical  mild-steel container. The pa r t  was hot dynamically outgassed 

a t  lo00 F pr ior  t o  compaction. Gas-pressure bonding f o r  t h i s  and a l l  t he  

other pa r t s  w a s  accomplished a t  1400 F and 10,000 psi .  

the  pressing container was stripped from the par t  and the  sodium chloride 

removed by dissolving in  water. 

beryllium block, leaving the  cavi t ies  intact .  

The porous mandrels were placed i n  

The assembly w a s  

The par t  w a s  pressed i n  a sodium-chloride pressure- 

After densification, 

The copper mandrels were leached f romthe  

Preforming of Inner Gimbals 
on Current Studies 

During t h i s  study, three inner gircbal blanks were gas-pressure 

bonded. 

i n  t h i s  study. 

t h i s  program. 

bonding. 

Techniques described above and i n  the  previous report  were u t i l i zed  

No modification of the tooling and methods were required i n  

Figure 1 shows one of the machining blanks a f t e r  gas-pressure 

Of t he  three inner gimbal preforms pressed, only one w a s  deemed 

sa t i s fac tory  for f in i sh  machining. 

the  pressing around one of the cavi t ies  for  mounting of the gyro sleeve. 

This cracking was at t r ibuted t o  a d i f f e ren t i a l  and thermal expansion between 

the  copper mandrel and the  beryllium preform. 

The second component showed cracking of 

The beryllium i n  releasing 
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27539  

F I G U R E  1. MACHINING BLANK O F  T H E  INNER GIMBAL 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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I i ts  bond *om the copper mandrel apparently cracked. The th i rd  preform 

failed during the gas-pressure-bonding operation. 

welds i n  t he  gas-pressure-bonding container caused t h e  d i f f e ren t i a l  pressure 

t o  be negated during the  bonding operation. 

en t i r e  assembly submitted t o  the operation a second time but a crack had 

appeared i n  the  preform which would not allow it t o  completely densify i n  

the  area i n  question. 

Technical Monitor t o  discontinue work on the  inner gimbal preforms. 

A leak i n  one of t h e  

This can was repaired and the  

A t  t h i s  time, it was deemed most expedient by t h e  

Machining of t he  Inner Gimbal 

The one inner gimbal blank prepared i n  this study was successfully 

machined t o  f in i sh  specifications as shown i n  Figure 2. This illustrates 

the  f u l l y  machined component produced from the  gas-pressure-bonded blank. 

Although there  were minor discrepancies which occurred i n  the  machining of 

t h i s  component, it is f e l t  t ha t  t he  resultant par t  w i l l  be usable. 

The first problem experienced by the machining vendor w a s  i n  the 

design of t he  gas-pressure-bonded blank itself. 

out f o r  f i n i s h  machining, it w a s  noted there was insuff ic ient  stock f o r  

clean-up i n  one surface adjacent t o  t h e  trunnion mount. 

material w a s  inadvertently designed i n  the machining blank itself and was  

not a r e su l t  of the fabrication operation. 

c r i t i c a l  surface, the  Technical Monitor deemed tha t  the  component would be 

acceptable with t h i s  monor deficiency i n  it. 

After the par t  was l a i d  

The lack of 

However, since it was on a non- 

When machining w a s  i n i t i a t ed  on t h i s  component by the  Barden- 

Leemath Corporation, it was f e l t  t ha t  there w a s  a tendency for  excessive 
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38594 

F I G U R E  2 .  INNER GIMBAL A F T E R  FINAL MACHINING 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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chipping on the ex i t  areas of the machining surface. 

noted during the  i n i t i a l  cut on the  part. 

This was, however, only 

When the  as-pressed surface w a s  

I removed from the  par t ,  machining appeared t o  proceed at  a normal rate. In 

reviewing the  fabrication process, it was noted t h a t  a copper f o i l  vapor 

bar r ie r  was placed around the beryllium preform pr ior  t o  pressing into the 

sodium chloride pressure transmitter. 

diffusion of the  copper into the beryllium preform resulted i n  a solid- 

solution strengthening of the  beryllium. 

making machining of the outer surface more d i f f i cu l t .  

diffusion layer w a s  removed fromthe component, mxhining proceeded at  the 

norma3 r a t e .  

be used, it would seem advisable t o  chemically mill the  component before 

machining, thereby removing the difficult-to-machine skin from the  beryllium 

blank . 

It is f e l t  t ha t  reaction caused by 

This also embrittled the  beryllium, 

However, once the 

I n  future fabrication runs, if  a copper vapor bar r ie r  were to 

I 

A t h i r d  problem was noted w i t h  t h i s  component during annealing 

a f t e r  the  rough-machining operation. 

par t  be stress relieved a t  1450 F prior  t o  the  f i n a l  machining cut. Af'ter 

the stress-relieving operation, it w a s  noted tha t  dimensions of the  rough- 

The specification requires that  the  

I machined beryllium blank had s l igh t ly  changed. Concurrent studies at 

Bat te l le  on another program had indicated there  was a s l igh t  loss-in-density 

problem af te r  heating t o  re la t ive ly  high temperatures following the  gas- 

pressure-bonding operation. 

outgassing of gas-pressure-bonded beryllium prior  t o  the  pressing Operation. 

Included gases i n  the  microstructure resulted i n  a s l igh t  loss  i n  density 

This has  been a t t r ibu ted  t o  lack of complete 
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and subsequent swelling. This loss i n  density i n  gas-pressure-bonded 

beryllium is normally l e s s  than 1/2 percent a t  1450 F. 

no change i n  mechanical properties accompanying th i s .  

There normally i s  

After the change i n  dimensions was noted, the pa r t  was given a 

second stress-relieving treatment at the same temperature, and t h i s  time 

there w a s  no growth noted i n  the machining blank. 

machining of the  c r i t i c a l  dimensions had yet  occurred, it w a s  possible t o  

save the par t  and proceed w i t h  the  f ina l  machining operation. 

dimensional discrepancies on t h i s  component i n  the cr i t ical-surface areas. 

Dimensional cer t i f ica t ion  of the par t  i s  contained i n  Appendix A of t h i s  

report . 

Since none of the 

There are no 

Gyro Sleeve Fabrication 

Basic Fabrication Approach 

The g v o  sleeve is first preformed by drawing a rubber bag in to  

a vacuum form of proper configuration. 

vibratory packed in to  position around aleachable  copper mandrel. The 

en t i re  composite i s  then hydrostatically pressed t o  form the  beryllium 

powder i n  a single-piece shape approximating the f i n a l  machined component . 
The protrusions on the external surface of t h i s  component are pressed 

inwardly t o  the  part. 

in to  a sodium chloride pressure-transmission layer which w i l l  allow f i n a l  

compaction of t he  component i n  a simple cylindrical  bonding container. 

Then, the  beryllium powder is 

Following green preforming, the component is pressed 



After canning the components, the en t i re  composite is  hot 

dynamically outgassed. Then, the  evacuation stem i s  sealed closed and the  

par t  gas-pressure bonded at  1400 F. 

bonding container i s  similar t o  that  of the inner gimbal. 

chloride pressure-transmission layer i s  dissolved i n  water, and the copper 

uandrel which defines the  bore of the component is  dissolved i n  n i t r i c  acid. 

Removal of t h i s  component from the  

The sodium 

Fabrication of Gyro Sleeve Preforms 

Following the  procedure outlined above, twelve preforms of the  

gyro sleeve were fabricated. 

of these par t icular  components. 

No problems were experienced i n  the production 

After gas-pressure bonding, a l l  of the  

par t s  were dimensionally analyzed, and three of the components were for- 

warded t o  the machining vendor. The other nine were shipped t o  Marshall 

Space Flight Center for  t h e i r  evaluation. 

Dimensional evaluation revealed tha t  the exter ior  surface of t he  

cotlponents was close t o  the required finished dimension. Therefore, the 

three largest  components were selected for f in i sh  machining by the vendor 

t o  allow suff ic ient  room f o r  setup. 

NASA, clean-up might be d i f f i cu l t  on the exter ior  surface. 

ments on the fabricated components indicated t h a t  essent ia l ly  a l l  of the  

par t s  were of f u l l  theoret ical  density. It should be noted tha t  no dimen- 

s iona l  changes were noted on the par t s  machined by the vendor a f t e r  stress 

relieving. 

material. 

produced by gas-pressure bonding. 

Of the nine components supplied t o  

Density measure- 

Also, no inachining d i f f i cu l t i e s  were experienced i n  t h i s  

Figure 3 demonstrates a typical gyro sleeve machining blank 
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FIGURE 3. GAS-PRESSURE-BONDED G RO-S iEET 

11608 

E MACHINING BLANK 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  



Machining of Gyro Sleeves 

Finish machining of t he  gyro sleeves was accomplished by the  

American Beryllium Company of Sarasota, Florida. 

gyro sleeves a f t e r  f i n a l  machining. 

f in i sh  machined, only one of them had dimensional discrepmcies. The 

counter sink area for  the  air holes on the external surface of t h i s  cylinder 

w a s  machined too  deeply i n  one case. 

ivlurriior that t h i s  wouid not affect  the operation of the  component so it was 

deemed acceptable. 

F ibwe 4 shows one of the  
I 

O f t h e  three gyro carrponents which were 
I 

However, it was deemed by the  Technical 

The t h i r d  component or iginal ly  forwarded t o  the  machining vendor 

was rough machined t o  the point where the in te rna l  bore of the  par t  was t o  

be lapped. 

on the  surface of the component. 

confirmed the  presence of porosity i n  t h i s  par t icular  spot. 

was again viewed a t  Bat te l le ,  and it was deemed unaccessible. 

a replacement blank was forwarded t o  the machining vendor. 

noted tha t  during the fabrication of a l l  t he  components i n  t h i s  program t h i s  

was the  only specimen tha t  was rejected because of porosity on a c r i t i c a l  

surf ace. 

A t  t h i s  time, it was noted there were spots of apparent porosity 

Xygloing the par t  a t  the vendor's s i te  

The component 

Therefore, 

It should be 

I 

Prior  t o  shipment of t'ne make-up component t o  the  machining 

vendor, rough machining was done a t  B a t t e l l e  t o  ascertain tha t  suff ic ient  

material would be available for  f in i sh  machining the external cylindrical  

surface. A s  w a s  previously noted, there w a s  very l i t t l e  clean-up left on 

the  external surface of the gyro sleeve preforms. Since it w a s  doubtful 
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FIGURE 4. 

36274 

GYRO SLEEVE AFTER FINISH MACHINING 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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t h a t  t h i s  pa r t  could be cleaned up on the external surface, it w a s  deemed 

expedient t o  f in i sh  t h i s  component by hand. Tile c r i t i c a l  surfaces could be 

machined, and t h i s  would not in te r fe re  with the operation of the conrpsnent. 

Therefore, t o  provide a complete s e t  of w r o  sleeves f o r  t e s t ing  at NASA, 

the  t h i r d  component was accepted with insufficient clean-up on the  external 

cyl indrical  surface. 

I 
I 

Cert i f icat ion of the dimensions of these components are  contained 

i n  Appendix B, and it can be noted t h a t  there are  no deviations except those 

noted i n  the  t ex t  of the report. 

Accelerometer Sleeves 

Description of Fabrication h-ocess 

The basic approach u t i l i zed  t o  fabr icate  these components w a s  

I t ha t  of bonding green-pressed pe l l e t s  onto the  surface of the green-pressed 

r igh t  c i rcu lar  cylinder during densification. The main body of the 

I accelerometer sleeve w a s  pressed from berylliun powder around a leachable 

copper mandrel. 

a separate operation. 

as t o  include space fo r  the extensions on the external surface of the  

cylinder. 

Then, the pe l l e t s  t o  form the  trunnions were pressed i n  

The bonding container was fabricated i n  such a manner 

Hot dynamic outgassing and gas-pressure bonding were done at the 

same conditions previously noted. After densification, the mild-steel 

bonding containers were removed by pickling i n  n i t r i c  acid. Copper mandrels 
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were also removed in this Manner. 

provided on the exterior surface of the component to allow clean-up at the 

In the past, insufficient stock was 

base of the trunnions. However, compensations were 

to allow sufficient stock for final clean-up in the 

made in existing tooling 

parts in this study. 

Preforming;! of Machining Blanks 

Twelve machining blanks of the accelerometer sleeve were fabricated 

in the manner listed above. 

problems experienced with either lack of densification or cracking of the 

preform. Measurements indicated there would be sufficient stock for 

machining the required specimens from the blanks densified. 

density measurements revealed complete densification of these components. 

Of the twelve specimens densified, nine were shipped to RASA in 

Of the cnqc?n~nt . r :  dknsifieF.rlj there were nn 

Immersion 

the as-pressed condition for their evaluation. 

to the American Beryllium Company for machining to final configuration. 

Figure 5 shows a gas-pressure-bonded preform of the accelerometer sleeve. 

The other three were shipped 

Machining of the Accelerometer Sleeves 

During machining of these components, there were no materials 

defects noted on any ofthe critical surfaces. 

to allow complete finishing of the accelerometer sleeves. 

dimensional discrepancies in the finished parts as noted in Appendix C. 

Figure 6 shows an example of the accelerometer sleeve after finish 

machining. 

Sufficient stock was present 

There were no 
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FIGURE 5. AS-PRESSED BLANK O F  THE ACCELEROMETER S L E E V E  

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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FIGURE 6. M C H I N E D  ACCELEROMETER S L E E V E  

B A T T E L L E  M E M O R I A L  I N S T I T U T E  



One procedural discrepancy was experienced during machining of 

One of the  mounting trunnions at the  sleeve has a 1-mil 

Inadvertently, 

t h i s  component. 

increase i n  diameter near the body of the sleeve i t s e l f .  

during the  finishing operation, t he  nachinist neglected t o  allow suf f ic ien t  

stock f o r  t h i s  step. To bring the par t  back in to  specification, American 

Beryllium had an electroless  nickel plating applied t o  the  surface of the  

trunnions on Specimens 2 and 3.  

was finished wi th in  the  specified dimensions. 

components have been forwarded t o  NASA f o r  t h e i r  evaluation. 

After performing t h i s  operation, the  par t  

A l l  three of these finished 

Fabrication of Inner Cylinders 

Discussion of Approach 

The inner cylinders were fabricated from pieced components which 

The main body of the  inner cylinder 

The extension a t  the top was preformed 

This par t  was canned i n  a container which conformed 

were preformed from beryllium powder. 

w a s  pressed onto a copper mandrel. 

as a separate button. 

t o  the external surface of the component. 

upper end of the container f o r  the small protrusion on the  component. 

An extension w a s  provided i n  the 

These components were again processed by the sane parameters 

already reported. 

mandrels were removed by leaching i n  n i t r i c  acid. Since pa r t s  had success- 

fu l ly  been prepared from existing tooling i n  the past ,  there w a s  no need t o  

modify the tooling for  the work done on the current job. 

After densification, the mild-steel cans and the copper 
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Fabrication of Inner Cylinder beforms 

As previously noted, the loading f ixtures  were the same configura- 

t i o n  as had been previously ut i l ized.  

f iguration was changed from the  double taper or iginal ly  pressed t o  a 

hemispherical end i n  the  new design. 

but did not change the cross section of the loading f ixture .  

However, the internal. cavity con- 

This required a l t e r ing  of the  mandrels 

A l l  of the twelve components required fo r  t h i s  task  of the  study 

were successfully pressed. 

cracking as noted i n  some of the previous specimens. 

there  w a s  suff ic ient  stock on a l l  of the  specimens pressed t o  machine the 

specimens t o  configuration. Density, which was  checked by immersion tech- 

niques, w a s  found t o  be 1.865 (essentially full theoret ical)  i n  a l l  of the  

components. Three par t s  were randomly selected fo r  f i n a l  machining, and 

the  other nine were forwarded t o  NASA for t h e i r  evaluation. 

one of the machining blanks of the inner cylinder produced by gas-pressure 

bonding. 

No problems were experienced with the  random 

Measurements indicated 

Figure 7 shows 

Final Machining of Inner Cylinders 

Cert i f icat ion sheets of the f i n a l  machined dimensions of the  

I inner cylinders are  l i s t e d  i n  Appendix D. Machining of these components 

was accomplished by American Beryllium Company, and there  were no problems 

encountered during the performance of the operation. 

nents were shipped t o  NASA for  f i n a l  evaluation. 

The finished compo- 
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-lx 11612 

FIGURE 7. GAS-PRESSURE-BONDED INNER CYLINDER 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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Inner Cylinder Covers 

Fabrication Approach 

The basic gas-pressure-bonding approach u t i l i zed  f o r  these com- 

ponents i s  ident ica l  t o  t h a t  u t i l i zed  for  t he  inner cylinders themselves. 

The only difference is t h a t  the  body o f t h e  cover i s  soinewhat shorter, and 

more stock has t o  be allowed i n  the  region of t he  legs which support the 

gyro. Previously, there had been very few problems associated with fabri- 

cating these components. 

suff ic ient  stock over the region of t he  a r m s  t o  allow complete clean-up of 

the  finished specimen. 

I 

Slight problems had been experienced with allowing 

Fabrication of the Machining B l a n k s  

One change was noted in  the  overall  dimensions of t h i s  component 

as compared t o  those previously fabricated. The bottom of the cover was 

a l te red  t o  include a spherical radius rather than the tapers previously 

experienced. Because of t h i s ,  s l i gh t  modification of the  pressing tooling 

w a s  necessary. 

allow suf f ic ien t  clean-up stock on the  external cyl indrical  surface. 

these minor modifications, there were no problems experienced i n  fabricating 

these components. 

Also, the diameter of the body was increased s l igh t ly  t o  

With 

After outgassing a t  1000 F prior t o  f i n a l  closure of t he  pressing 

container, the specimens were gas-pressure bonded a t  1400 F as was the case 

fo r  t he  other par t s  i n  t h i s  study. The can and mandrel were removed by 
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leaching i n  n i t r i c  acid. 

stock for  machining the desired shape from these preforms. 

density checks revealed f u l l  densification i n  a l l  cases. 

Evaluation of t he  components revealed suff ic ient  

Immersion 

Figure 8 demon- 
I 

I s t r a t e s  one of t he  as-pressed machining blanks. These par t s  were f in i sh  

machined by Barden-Leemath Corporation. 

Machining of Inner Cylinder Covers 

Dimensional discrepancies were noted on Parts 1 and 2 of the  inner 

These discrepancies were discussed with the Project cylinder covers. 

Monitor and, with the exception of the  thickness of the gyro mounting arms, 

were a l l  accepted. 

the gyro support arms on both pieces t o  be within .0005 in. of each other 

on each side. This was done t o  conform with the  min imum dimension noted 

i n  the l e t t e r  reproduced i n  Appendix E. 

It was necessary t o  a l t e r  t he  width and thickness of 

One comment from the machining vendor i s  worthy of note i n  t h i s  

section of the  study. Because of the hemispherical cross section required 

i n  the bottom of t h i s  component, it w a s  necessary t o  generate t h i s  surface 

by electron-discharge machining. Otherwise, it would be necessary t o  

generate t h e  surface on a three-axis milling machine. 

t ha t  t he  p i l o t  hole i n  t h i s  case was not beneficial  t o  t he  machining opera- 

t i o n  because he could not keep an  even pressure i n  the coolant u n t i l  h i s  

t oo l  was w e l l  inserted into the p i l o t  hole. Therefore, it took him more 

t i m e  t o  machine the cavity by t h i s  method than it would have i n  a sol id  

piece of block. Therefore, the value of preforming the par t  i n  t h i s  manner 

i s  somewhat questionable. 

The machinist noted 

I 

i 
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FIGURE 8. AS-PRESSED INNER CYLINDER COVER BLANK 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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I Figure 9 shows one o f t h e  f i n a l  machined inner cylinder covers. 

Except for  the discrepancies previously noted, there  were no fur ther  

problems encountered with these components. 

NASA fo r  the  u t i l i za t ion  and evaluation. 

They have been forwarded t o  

CONCLUSIONS 

On the basis of the resu l t s  previously discussed, the  following 

conclusions can be reached in  t h i s  study. 

I 1. "he gas-pressure-bonding technique was shown t o  be a feasible  

method f o r  fabricating a l l  of the  par t s  i n  t h i s  study as evidenced by the  

completion of a l l  of the  components required. 

2. Higher-quality material with l e s s  defects due t o  inclusions 

or porosity is produced by gas-pressure bonding as evidenced by the  f ac t  

I t ha t  only one out of twelve f in i sh  machined par t s  was rejected because of 

material defects.  

3. A near-finished-dimension inner cylinder cover blank i s  not 

prac t ica l  t o  fabr icate  by gas-pressure bonding for  the reasons already 

given i n  t he  tex t .  

4. The i n i t i a l  machining character is t ics  of the inner gimbals 

I were worse than expected because of t h e  diffusion of the  copper ba r r i e r  

vapor in to  the surface. 

surface skin w a s  removed, and the machinability of the other components was  

as good o r  be t te r  than conventional hot-pressed block. 

I 
However, no problems were experienced a f t e r  the  
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37931 
a. Top V i e w  

37930 
b. Bottom View 

FINISH-MACHINED INNER CYLINDER COVER 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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5 .  Because of the swelling experienced i n  the largest  par t ,  

increased outgassing capacity w i l l  be necessary t o  prevent swelling of 

inner gimbals i n  future bonding operations. 

, 

I , 

HDH/PJG : gae 
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February 16, 1967 

Battelle Memorial Institute 
505 King Avenue 
Columbus, Ohio 43201 

Attention: Mr. Hugh Haynes 

Subject : Battelle Meniorial Institute 
Purchzse G r d e r  NG. S63?1 
Inner Cylinder Cover 
Pt. No. 425798 

Dear Hugh, 

The enclosed drawing has certain dimensional 
characteristics numerically identified to conform to 
our Quality Control Master Drawing. This identification 
will help isolate discrepancies on two of the three parts 
we are manufacturing for the Subject Order. 

We submit the following data for your evaluation, 
and hopefully, your approval: 

Piece No. 1 
Characteristic #20 .172 dim. is .165 to .169 

21 .344 t ical is .350 
47 .151 + Jlt;005 
66 .095 +-002 is .096 -- .098 

is .152 - .1508 

JG:hf 
A3lCl. - 

Piece m. 2 
Characteristic& 2 .010 is .0059 - .0167 

41 .635 2001  is .635 to .638 
43 1.270 2001 is 1.274 
75 .1125 20005 is .1120 to .1133 

Considering the experimental nature of this order 
we are hopeful these discrepancies may be acceptable. 

We await your early disposition. 

Regards, 
,ic, &<.#4 .- 

BARD EF<& EMATIE 
D I V I S I O N  OF THE BARDEN CORPORATION 

John Gorman 
Sales Manager 


